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A small-column microcosm was designed and oper-
ated to evaluate the potential for in-situ vinyl
chloride (VC) biotransformation by a methane-stimulated
culture. Microcosms consisted of 15-mL test tubes
filled with aquifer material and fitted with a fluid
exchange system to allow sequential batch testing.
Aquifer material was aseptically obtained from two
locations at a chloroethene-contaminated Superfund
site in St. Joseph, MI. In microcosm tests, influent
VC concentrations ranged from 1 to 17 mg/L {15—275
uM) with methane concentrations of 0.5—4.0 mg/L
(30—250 «M) and dissolved oxygen concentrations of
about 29 mg/L (900 «M). Stimulation of an active
methane-utilizing population occurred within 60 days,
and VC transformation was observed in all of the
methane-fed microcosms. A maximum amount of VC
transformation, independent of influent VC concen-
tration, was observed for each methane concentration
used. Significant differences in VC transformation
ability was found in the aquifer samples from the two
locations. Transformation yields (T,) of up to 3.5

mg of VC transformed/mg of methane utilized (0.9 mol
of VC/mol of CHs) were found at one location compared
to a maximum of 1.0 mg of VC/mg of CH, (0.26 mol of
VC/mol of CH4) at the other. Up to 16 mg/L VC (250
uM) was transformed with an addition of 4 mg/L methane
{250 M) with no significant toxic effects observed.
The microcosms performed well throughout the
study, providing consistent repeatable results.

introduction

In-situ bioremediation is receiving increased attention for
restoring contaminated soils and groundwater. Methane-
oxidizing bacteria (methanotrophs) have been shown to
effect aerobic cometabolic degradation of certain chlori-
nated aliphatic hydrocarbons (CAHs), including vinyl
chloride (VC) (1—4). Due to the different CAH transforming
abilities of methanotrophic bacteria and greatly differing
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environmental conditions of contaminated sites, prediction
of primary substrate (methane and oxygen) requirements
and efficiency of remediation is difficult. The Committee
on In Situ Bioremediation has recommended an evaluation
strategy for bioremediation based on converging lines of
independent evidence (5). Three types of information are
required, one of which is laboratory assays showing that
microorganisms from the site samples have the potential
to transform the target contaminants under the expected
site conditions. Laboratory soil-column microcosms, using
aquifer material obtained from the targeted site, have been
effectively used to assess the potential for in-situ biore-
mediation (6—8). Such microcosms have an advantage over
aqueous systems or soil slurry reactors in that they have
soil to water ratios similar to those found in the field and
operate without mechanical mixing, so they tend to simulate
aquifer conditions better. However, the columns generally
used have been somewhat large, thus requiring large
amounts of aseptic (difficult and costly to obtain) aquifer
material, as well as requiring much time to operate. The
use of smaller test columns would reduce the amount of
aquifer material needed and perhaps personnel time for
operation, allowing more variables to be tested at one time.
In addition, it is easier to prevent extraneous bacterial
contamination during preparation and operation of small
columns. Because of the potential advantages, a small soil-
column microcosm was designed and operated to evaluate
its ability to yield repeatable, consistent, and differential
results. Here, the potential for in-situ biotransformation
of a VC-contaminated aquifer by a methane-stimulated
culture was evaluated.

Materials and Methods

Microcosm Preparation. The column microcosms con-
sisted of nominal 15-mL Kimax glass test tubes ap-
proximately 125 mm in length with an inside diameter of
15 mm (Figure 1). Each column was sealed with a size 00
rubber stopper fitted with a 20-gauge 1.5 in. long steel
hypodermic needle penetrating to the bottom of the
stopper. The top of the needle was connected with Teflon
tubing to a flange-free fitting, providing the influent port
for feedstock solution. A hypodermic stainless steel tube
(170 mm by 0.7 mm inside diameter, Small Parts Inc., Miami,
FL) was also inserted through the stopper to the bottom of
the column to act as the effluent collection tube. A
straightened piano wire with the same diameter as the inside
of the effluent collection tube (0.68 mm diameter, Small
Parts Inc.) was placed inside the effluent tube to prevent
aquifer material from being forced into it during column
assembly. Fittings at the top of the effluent collection tube
allowed samples to be obtained using a 2.5-mL glass-barrel
syringe with a luer-lok connector. Fine glass wool was
placed in the bottom of the column to prevent clogging of
the effluent collection tube by aquifer solids.

Before aquifer solids addition, each test tube with glass
wool and each rubber stopper assembly were individually
wrapped in aluminum foil. All microcosm components
and the equipment used to transfer aquifer material were
then autoclaved at 120 °C for 20 min. The aquifer material
to be evaluated was obtained aseptically from a Superfund
site in St. Joseph, MI (9), and kept in sterilized mason jars
at4 °Cuntil use. The aquifer materials consisted primarily
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FIGURE 1. Column microcosm design.

of a uniform fine sand with low organic carbon content.

Microcosm assembly took place in a laminar-flow hood
next to a bunson burner to prevent contamination from
airborne bacteria. The aluminum was removed, and the
test tubes were filled with filter-sterilized groundwater to
maintain saturated conditions in the column during filling.
Next, aquifer material was aseptically spooned into the test
tube and allowed to settle through the overflowing ground-
water. To eliminate the formation of trapped air or water
pockets, the test tube was periodically vibrated and stirred
with a glassrod. Each testtube was filled to approximately
2 cm from the top with about 25 g of dry material. The
rubber stopper assembly with the piano wire in place was
then unwrapped, and the effluent collection tube was forced
through the soil into the glass wool at the bottom of the test
tube. The influent port was opened to allow the rubber
stopper to displace the groundwater at the top of the
column, and the rubber stopper was pushed a short way
down the effluent collection tube to firmly seal the top of
the column. The piano wire was then removed from the
tube, and the influent and effluent ports were closed.
Finally, the test tubes were wrapped in aluminum foil to
prevent possible interference from light and to inhibit
growth of photosynthetic organisms and were stored at
room temperature (23 °C) in a dark cabinet between
feedings.

Feed Solution Preparation. Groundwater obtained
from an uncontaminated zone at the St. Joseph site (9) was
filter-sterilized using 0.2-um membrane filters before being
placed in two autoclaved glass bottles. Each bottle was
purged with either oxygen or methane gas (99.9% purity,
Liquid Carbonics, Chicago, IL) to create gas-saturated
solutions. Feed solutions consisted of a mix of the oxygen

and methane-saturated groundwater spiked with either a
sodium bromide stock solution (4.75 g/L NaBr, Alltech
Assoc. Inc., Deerfield, IL) for the tracer tests or a vinyl
chloride stock solution for the methanotrophic degradation
tests. The vinyl chloride stock solution was prepared in a
gas-tight 50-mL glass-barreled syringe by saturating ap-
proximately 35 mL of demineralized water with vinyl
chloride gas (99.9% purity, Fluka Chem., Buchs, Switzer-
land). Seven4.5-mL amber glass vials with mininert screw-
cap closures were filled with the saturated solution and
stored at 4 °C until needed.

Column Operation. Microcosm pore fluids were ex-
changed by forcing fluid into the microcosm influent port
at a flow rate of about 2.5 mL/min using a syringe pump
(Sage Instruments, Division of Orion Research Inc., Cam-
bridge, MA) with two 100-mL glass-barrel gas-tight syringes
and adjustable Teflon-lined plungers (Spectrum, Houston,
TX). Bromide tracer tests were conducted on six micro-
cosms by exchanging microcosm fluid with 10 mM sodium
bromide in groundwater solution. Each microcosm effluent
sample was collected with a 1-mL glass-barrel syringe and
transferred to a 2-mL glass vial and sealed with a Teflon-
lined screw cap. All of the microcosm effluent was collected,
and sample volumes were determined by before and after
weighing of the sample vials. Average sample size was
approximately 1 mL with smaller samples taken at the
expected initial breakthrough point between 3 and 6 mL
introduced.

During methane-stimulated VC transformation tests, the
microcosms were operated in sequential batch mode with
exchanges of microcosm fluid occurring intermittently.
Microcosm effluent was collected for analysis in a manner
to prevent loss of volatile components. As part of each
exchange, 3.25 mL of a 2 mM sodium bromide solution
was first injected into the microcosm. Then the normal
exchange fluid was added. During each exchange, the first
0.75 mL of effluent was wasted because it was not considered
representative of the soil pore water. The next 2.5 mL of
effluent was saved as the initial sample and was considered
to represent conditions in the soil pore water just prior to
the exchange. The optimal initial sample size of 2.5 mL
was determined from bromide tracer tests, which indicated
itwould not be contaminated with the fresh exchange water.
A final effluent sample of 2.5 mL was taken after 20 mL of
feed solution had passed through the microcosm and was
considered to represent the initial microcosm pore water
condition for the next incubation period. The 2.5-mL
samples, collected with a luer-lok glass-barrel syringe, were
slowly injected with the needle end below the water surface
to completely fill a 2-mL glass vial, which was then sealed
with a Teflon-lined septa and open-holed screw cap to
eliminate headspace and to ensure maximum containment
of volatile components.

Analytical Procedures. Each effluent sample was
analyzed within 48 h of the exchange for some or all of the
following components: VC, DO, bromide, and methane.
In general, 550 uL was first removed through the 2-mL
sample vial septa to analyze for VC. If DO analyses were
required, 300 L was then removed through the septa,
followed by removal of 100 4L for bromide analysis. The
remainder of the effluent sample was used for methane
analysis. Here, partial vacuum was created in a 9 mL serum
vial sealed with a rubber sleeve stopper by removing air
from the vial with a 20-mL glass-barrel syringe. The
remaining fluid in the 2-mL sample vial was then transferred
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through a double-ended needle into the serum vial with
the volume of sample transferred determined by before
and after weighing of the serum vial. After equilibration,
the headspace of the serum vial was analyzed for methane.

VC Analysis. VC concentration was determined by
adding the 5—-50 uL aqueous sample, after dilution in 4 mL
of demineralized degassed water to a Tekmar Model 4000
purge and trap system. This consisted of an ALS autosam-
pler connected to a Hewlett Packard 5890A gas cromato-
graph (GC) equipped with a 70-m J&W Scientific DB-624
megabore column and a Tracor electrolytic conductivity
detector with data integration using a Series 900 Perkin
Elmer Nelson analytical interface. Five samples with
volumes between 1 and 250 uL were taken from an aqueous
VC standard solution and used to create a standard curve
for the Tekmar purge and trap system. The procedure used
to calibrate the standard solution is described in the
following.

First, VC calibration standards were prepared by injecting
50, 100, 150, and 200 uL of VC-saturated stock solution
(approximately 2 g/L) into four respective 62-mL bottles
each containing 30 mL of demineralized water. The bottles
were shaken at 20 °C for about 20 min to reach gas/
saturation equilibrium. Using a Hamiton gas-tight syringe,
300 uL of headspace gas was withdrawn from each bottle
and analyzed on a Hewlett-Packard 5890 GC equipped with
a 30-m J&W Scientific DB-624 megabore column using an
OI Corporation Model 4420 electrolytic conductivity detec-
tor. Headspace response was compared to that of a
cannister of NBS traceable vinyl chloride in nitrogen gas
obtained from Scotty II Analyzed Gases (1027 &+ 10 ppm)
and using a Henry's constant 0f 0.92 at 20 °C (10). Aqueous
VC concentrations were calculated for the four bottles, and
the standard with headspace concentration closest to the
1027 ppm gas standard was used as the VC standard solution
to develop the standard curve for the purge and trap system.

Bromide Analysis. Bromide concentrations were de-
termined by dilution of a 100-xL sample in 5 mL of DI
water, filtration through a 0.2-um membrane filter, and
analysis of filtrate on a Dionex Series 4000i ion chromato-
graph equipped with an HPIC AS4A Dionex ion pak column
and a conductivity detector using a bicarbonate solution
aseluent. Calibration standards of gravimetrically prepared
solutions of sodium bromide in demineralized water were
used to create a standard curve.

Methane Analysis. The serum vials containing the
methane samples were inverted and shaken vigorously for
approximately 1 min, then a 300-4L headspace sample was
removed with a Hamilton gas-tight syringe and analyzed
for methane on a Hewlett Packard 5730A GC using a 5 ft
by 1/8 in. Supelco 60/80 Carbosieve packed column at 120
°C with a flame ionization detector. A two point standard
curve (10 and 100 ppm) developed using methane in helium
gas standards (Alltech Assoc. Inc.) was used to determine
the methane content of the headspace samples. The
methane concentration of the aqueous sample was cal-
culated using known aqueous and headspace volumes and
considering all of the methane to be in the headspace of
the 9-mL serum vials after equilibration.

Dissolved Oxygen Analysis. Dissolved oxygen (DO)
concentrations were determined by dilution of a 300-uL
sample in 300 uL of air-saturated DI water and analysis on
a Hansatech Model CB1-D mini-DO probe. A standard
curve was developed using standards of DI water purged
for 20 min with either nitrogen or oxygen.
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FIGURE 2. Bromide tracer breakthrough resuits.

TABLE 1
Efficiency of Microcosm Exchange Method
vC DO methane

av influent concn {(mg/L) 4.24 26.8 3.39
influent SD (mg/L) 0.10 1.14 0.12
av C/Cy? 1.01 1.01 1.01
C/C, SD 0.038 0.042 0.058
no. of microcosms 10 10 7

2 C/C, is the concentration in initial effluent sample from second
exchange divided by the concentration in final effluent sample from
first exchange.

Results

Column Flow Characteristics and Sampling Efficiency.
Breakthrough curves from bromide tracer tests for two
microcosms (Figure 2) show sharp bromide fronts beginning
atabout 3.5 mL and reaching influent concentrations after
about 10—15 mL was introduced. Both microcosms were
shown in this way to have pore volumes of approximately
5 mL and similar flow characteristics. An additional four
microcosms with somewhat more frequent sampling
produced similar results with bromide breakthrough oc-
curring after 3.25—3.5 mL was added, and all exhibited
similar initial breakthrough slopes. From these results, the
decision was made to use, as the initial microcosm effluent

sample, 2.5 mL of fluid collected after an initial 0.75 mL

was wasted.

Ten inactive microcosms were exchanged in order to
evaluate the accuracy and reliability of the microcosm
exchange method. The microcosms, filled with aquifer
material obtained from the St. Joseph site, were exchanged
using groundwater containing VC, dissolved oxygen (DO),
and in seven of the microcosms, methane. Final effluent
samples were collected and analyzed for VC, DO, and
methane. Within 48 h from the first exchange, each
microcosm was again exchanged with initial effluent
samples taken and analyzed for remaining VC, DO, and
methane. The average influent concentrations and the
amount of each compound remaining at the second
exchange are shown in Table 1. Methane, VC, and DO
results show on average the amount measured in the initial
effluent of the second exchange to be within 1% of the
amount measured in the final effluent of the first exchange
with a standard deviation of less than 6%. Here, it was
correctly assumed that no significant biological activity had
yet developed in the microcosms.

Methane Enrichment and VC Transformation. Sixteen
microcosms were assembled using aquifer material taken




from just below the groundwater table at the St. Joseph, MI
site near the center of the known VC plume (9). One set
of eight microcosms was filled with aquifer material taken
from 10.8 m below ground level (39 cm below the water
table), 0.9 m south of observation well 18 (OW18). . The
other set of eight microcosms was filled with aquifer material
taken from about 90 m away, 10.5 m below ground level
(33 cm below the water table), 3.3 m south-southeast of
observation well 29 (OW29). With each set of microcosms,
the groundwater used for exchange in two microcosms
contained no methane (controls), two contained 0.5 mg/L
(31 M) methane, two contained 1.5 mg/L (95 uM) methane,
and the final two contained about 4.0 mg/L (250 uM)
methane. VC concentration in groundwater exchanged in
all microcosms ranged from near 1 mg/L (16 uM) for the
first few exchanges up to 17 mg/L (275 uM) for the final
exchange. With all of the microcosms, the groundwater
exchange fluid contained 26—30 mg/L (800—940 uM)
dissolved oxygen (DO).

Previous work with St. Joseph aquifer material resulted
in methane consuming potential being exhibited within
35—45 days of initial incubation with methane (data not
shown). The soil microcosms initially fed 1 mg/L VC were
allowed to incubate for 60 days in order to enrich a methane-
utilizing culture. Effluent analyses indicated that in 10 of
the 12 methane-enriched microcosms all of the methane
was consumed, while in two (the OW18 microcosms fed
3.9 mg/L methane) all but 0.6 mg/L methane was con-
sumed. There were significant solution VC losses (from 38
to 45%) in the control microcosms over the incubation
period, but all 12 methane-containing microcosms exhib-
ited greater VC removals, although the two microcosms
that had methane remaining after incubation had less VC
depletion than the other methane-enriched microcosms.
Following three subsequent exchanges with influent VC
concentrations ranging from 0.70 to 0.97 mg/L (11-16 xM)
and after incubation periods of 917 days, similar results
were produced, except that methane was completely
utilized in all of the 12 methane-enriched microcosms, and
there were less solution VC losses in the control microcosms
(approxmately 18%).

To estimate the extent of VC transformation related to
methane stimulation, influent VC concentrations for the
methane-enriched microcosms were adjusted to reflect VC
losses in the control microcosms (this assumes similar losses
occurred in the methane-containing microcosms and
results in a conservative estimate of methane-stimulated
VC transformation). On this basis, the extent of VC
transformation due to methane enrichment for the second
through fourth incubation periods is shown in Figure 3.
An increase in VC transformation with increasing methane
utilization is clearly indicated for both sets of microcosms.
There was about 35% transformation of VC in the micro-
cosms receiving 0.5 mg/L (31 M) methane, from 60 to 75%
transformation in the microcosms fed 1.5 mg/L (95 uM)
methane, and greater than 90% transformation in the
microcosms using 4—5 mg/L (250—300 M) methane.
Similar transformation efficiencies were attained for each
group of columns over the three exchange periods with no
significant difference in results between the 17-day and
9-day incubation periods. .

For exchanges 510, influent VC concentrations were
raised to approximately 3~4 mg/L (50—64 zM). In ex-
changes 5 and 6, the group of microcosms fed 0.5 mg/L (31
#M) methane transformed only 10% of the influent VC,
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while those receiving 1.5 and 4 mg/L (95 and 250 uM)
methane transformed about 50% and roughly 88%, re-
spectively. Following exchange 6, all of the micocosms
were stored without feeding or analysis for 58 days. When
microcosm exchanges were resumed, the transformation
efficiencies dropped with the first exchange (2%, 11%, and
71% VC transformation with 0.5, 1.5, and 4 mg/L methane,
respectively), but returned to previous values during the
next exchange, and then improved further with subsequent
exchanges. By exchange 10, VC transformations of 29%,
59%, and 92% were achieved in microcosms fed 0.5, 1.5,
and 4 mg/L (31, 95, and 250 4uM) methane, respectively,
with VC influent concentrations of about 3.5 mg/L (56 uM).
However, during these exchanges a noticeable difference
in the VC transformation efficiencies between OW18 and
OW29 microcosms developed. This difference was most
significant in the microcosms fed 1.5 mg/L (95 #M) methane,
OWI18 microcosms transformed up to 80% of the influent
VC while OW29 microcosms transformed only 39%. Asthe
influent VC concentration was raised to 6—7 mg/L (95—110
uM) for the next two exchanges and up to 17 mg/L (275
uM) for the final two exchanges, the difference in OW18
and OW29 microcosm results became more pronounced
for the microcosms fed 4 mg/L (250 uM) methane, as shown
in Figure 4. OW18 microcosms were able to transform up
to three times as much VC as the OW29 microcosms.
The microcosm results show an increase in VC trans-
formation as the influent VC concentration increased
(Figure 5). However, for each methane concentration fed,
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there appeared to be a maximum amount of VC transfor-
mation attainable regardless of further influent VC in-
creases. When VC transformation is calculated as a
transformation yield (Ty), expressed as mg of VC trans-
formed/mg of methane utilized (Figure 6), Ty values for
OW18 and OW29 microcosms are very similar up to a certain
influent VC concentration. Past this concentration, OW29
microcosms produce a constant Ty, while with the OW18
microcosms, Ty continued to increase as influent VC
concentrations were increased to the highest VC concen-
tration of 17 mg/L (275 M) used in this study. OW29
microcosms produced a maximum 7y of about 1.0 mg of
VC/ mg of CH, (0.26 mol of VC/mol of CH,) and OW18
microcosms achieved Ty of up to 3.5 mg of VC/mg of CH,
(0.90 mol of VC/mol of CH,).

Discussion
Microcosm flow characteristics were similar for the six
microcosms tested. Initial bromide breakthrough occurred
after between 3.25 and 4.0 mL fluid was added for all six
microcosms, indicating consistent flow patterns and little
short-circuiting of influent flow along the column sides or
the effluent collection tube. Bromide analyses of initial
effluent samples for the first four methane- and VC-
containing exchanges showed less than 0.5% influence from
the subsequent bromide-containing feed solution (data not
shown), indicating good sample integrity.

A test exchange procedure using 10 microcosms ex-
changed twice in 48 h demonstrated the reliability of the
microcosm exchange method. The amount of methane,
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VC, and DO measured in the final effluent of the first
exchange and the initial effluent of the second exchange
was within 1% of each other on the average with a standard
deviation of less than 6% for the group. This indicated that
sample acquisition and analysis were repeatable and fairly
precise and that the microcosms operated as designed.

Stimulation of an active methane-utilizing population
in the soil microcosms was achieved within the first 60
days of incubation. The two OW18 microcosms with
methane remaining and less VC transformation after the
first exchange period may have experienced oxygen limita-
tion. Since methanated and oxygenated water were mixed
to create the feed solution, feeds having a high methane
concentration also contain less oxygen. In all susequent
exchanges, these two microcosms oxidized all of the
methane and exhibited VC removals similar to other
microcosms with the same influent methane concentra-
tions.

Although there were large solution VC losses (40%) in
the control microcosms during the initial 60-day incubation
period, subsequent exchanges with shorter incubation times
resulted in significantly lesslosses (10—15%). Inaseparate
study using these microcosms (11), a 7-day exchange
produced a chloride released to VC removed ratio of 0.83

- (95% confidence interval of £0.07) in methane-fed micro-

cosms indicating that transformation was responsible for
most of the VC removal during short incubations. Sorption
effects probably accounted for most of the higher control-
microcosm losses during the first exchange period. Longer
incubation periods also tended to result in higher VClosses
in the control microcosms, perhaps due to slow volatile
losses, long-term sorption into the soil or the butyl rubber
stopper, or even slow heterotrophic VC degradation (12—
17).

The extent of sorption of VC to the aquifer material, in
any event, wasrelatively small. Had sorption been greater,
then mass balances may have been more difficult to obtain
since significant sorption could have occurred while passing
the 20 mL of exchange solution through the microcosm.
This effect, although small in the current case, would need
to be addressed more particularly for cases where stronger
sorption occurs.

The first four exchanges yielded consistent VC trans-
formation efficiencies, expressed as percent VC removed,
over an influent VC range of 0.70—0.97 mg/L (11-16 uM).
The easily distinguishable increase in VC transformation
efficiencies with increase in methane concentration and
the tight grouping of the results for each set of conditions
illustrate the reliability and consistency of results with the
microcosm procedures. The lack of significant differences
between the VC transformation results from the 17-day
and 9-day incubation periods, and the lack of residual
methane in the microcosms after the initial exchange
incubation indicates that both methane and VC transfor-
mation were complete within 9 days of feeding once an
adequate population of methane-utilizing bacteria was
established.

When influent VC concentrations were increased to 4
mg/L (64 uM), the microcosms initially exhibited less VC
transformation efficiency than at lower influent VC con-
centrations. However, after repeated exchanges at the
higher concentration, transformation efficiencies in the
OW18 microcosms matched or exceeded those at lower
influent VC concentrations while OW29 microcosms re-
mained much lower. As the influent VC concentrations




v

were again increased, it became clear that OW18 micro-
cosms possessed greater VC transformation ability than
the OW29 microcosms. The difference in VC transforma-
tion results may be due to the presence of organisms with
different capabilities at the two locations.

For a given methane feed concentration, there appeared
to be some maximum VC transformation capability by the
microcosms, with OW18 microcosms exhibiting greater VC
transformation at each methane concentration than OW29
microcosms. Since the maximum VC transformation was
independent of influent VC concentration and directly
related to methane utilization, methane utilization appears
to drive the cometabolic activity.

In a previous study using a suspended mixed metha-
notrophic culture enriched from Moffett Field aquifer
materials (18) to transform VC in the absence of methane,
a Ty of 0.05 mg of VC/mg of CH, (0.013 mol of VC/mol of
CH,) was found (19). In another study, using a methan-
otrophic attached-film expanded-bed bioreactor, Nelson
and Jewell (20) reported greater than 99% transformation
of 3 mg/L (48 uM) influent VC, resulting in calculated
transformation yields between 0.004 and 0.025 mg of VC/
mg of CH, (0.001 and 0.006 mol of VC/mol of CHy). These
reactor culture enrichment values are much less than found
in the soil microcosms. Here, in microcosms fed 1.5 or 4
mg/L (95 or 250 uM) methane, OW29 microcosms exhibited
a T, of about 1 mg of VC/mg of CH; (0.26 mol of VC/mol
of CH,) while OW18 microcosms achieved a Ty from 3 to
3.5 mg of VC/mg of CH, (0.77—0.90 mol of VC/mol of CHy).
Although the values may not be directly comparable due
to the different systems from which they were obtained
[different cultures and/or monooxygenases (18, 21), aque-
ous vs soil environment, the presence or absence of
methane, etc.], the 20—70 times higher T values with the
microcosms are significant. Significant also is the difference
in Ty for cultures taken from different locations at the same
site. Reasons for such widely different Ty values for VC
transformation by methane utilizers deserves further study.

The soil microcosm results show that significant meth-
ane-stimulated biotransformation of VC can be obtained
by the indigenous microorganisms at the St. Joseph site.
While there appears to be spatial variability in the VC
transformation abilities at the site, even the least responsive
microcosms demonstrated the ability to transform mil-
ligram per liter levels of VC. If similar transformation
yields can be obtained in the subsurface at other sites, the
applicability of in-situ methane-stimulated VC transforma-
tion would appear most promising, giving incentive to solve
the engineering problems related to methane-stimulated
in-situ biotransformation of VC.

Overall, the microcosms performed well throughout the
study. The small sample size did not adversely affect the
ability for precise sample analysis. The results were
consistently repeatable with duplicate microcosms exhibit-
ing very similar behavior. Differences in VC transformation
abilities due to different methane concentrations in the
exchange solution and due to aquifer material obained from
different locations were easily discernible. The small size
of the microcosms allowed more microcosms to be filled
from a limited amount of available aseptically obtained
aquifer material. Exchanges using the small microcosms
required less time than those using larger soil columns (8),
allowing more microcosms to be operated and resulting in
more statistically reliable results. While the small micro-
cosms worked well for the fine uniform sand from the St.

Joseph site, they have yet to be tested with larger or more
graded materials. However, the simple basic design of the

microcosms can be extended to larger test tubes 1f this is
more suitable for a given aquifer material and sample
volume required for analyses.
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